Abstract. The aim of the present study was to examine the short-and long-term effects of changes in vegetation structure caused by shrub removal and mowing on isopod diversity and composition in Natura 2000 habitats of Mátra Landscape Protection Area. Species richness and isopod diversity increased in the short term as a result of annual changes in vegetation; however, the values of both indices were reduced in the long term. The changes in vegetation structure on a regional scale led to a reduced isopod diversity in the short and long term. The changes in vegetation structure caused alterations in community structure in the long term. We conclude that changes of vegetation structure have a negative effect on species richness and the diversity of isopod communities in the long term.
Introduction
The formation of open habitats is a long-term process caused by deforestation; later on, mowing and grazing contribute to the maintenance of meadows. Changing or elimination of traditional management contributed to the re-formation of shrubs and forests [1] , but this succession process can be reversed by treatments, namely shrub removal and mowing [2, 3] . Since 2000, the Bükk National Park Directorate has conducted a soil-zoological monitoring for the KEOP project (Restoration and treatment of lawns, meadows, and woody pastures) in the Mátra Mountains in order to reconstruct open habitats or maintain its current form. The protection of grasslands is important to the fauna as well because the arthropod species significant from a nature conservation point of view are attached to lawn plant species [4] . Grassland managements change the structure and composition of vegetation [5, 6] , which affects the micro-climatic conditions of habitats, such as temperature, soil humidity, nutrient source, and lighting conditions. For example, mowing can create changes below the ground that have an effect on plant growth [7] , such as decreasing of nitrogen mineralization in the soil [8] . Similarly, Turgeon [9] reported that mowing is detrimental from a botanical standpoint. Opposite to this, Ilmarinen and Mikola [10] concluded that mowing increased the areal cover of legumes, and it has less effect on the areal cover of individual woody species compared to the total cover of the woody plant group that is reduced. High floral diversity positively affects the diversity of flower-visiting insects [11] and therefore predatory arthropods such as spiders [12, 13, 14, 15] and beetles [16] . Opposite to this, some representatives of other trophic levels are affected by other conditions and the connection with the number of microhabitats. Terrestrial isopods are ground-dwelling crustaceans, members of the decomposer macrofauna [17, 18] . Isopods play an important role in decomposition processes through the fragmentation and mineralization of dead organic matter [19] . The food of isopods consists of fungi, bacteria, decayed wood, and leaf litter, as their weathering with conditioning by microorganisms improves their palatability for the isopods [20] . Isopods are considered the most successful crustacean colonizers of land habitats with wide ecological tolerance [21] . They were found in most mesic, xeric, and hydric habitats [22, 21] worldwide, with the exception of the poles and very high elevations [23] . Moreover, they tolerate high levels of copper and ammonia [24, 25, 26] . However, their dispersion ability is limited because the temperature and humidity of environment strongly influence their mortality and natality [27] .
The main objectives of this study were to investigate the effects of changes in vegetation structure on isopod diversity. Firstly, we studied how the annual changes in vegetation structure impact isopod diversity in the short and long term. We examined changes in isopod diversity in relation to a sudden change of vegetation structure caused by shrub removal in the short term (between the years 2012 and 2013). Also in these created open habitats, we studied how isopod diversity changes in the long term (between the years 2012 and 2014). We hypothesized that changes in vegetation structure have a negative effect on isopod diversity in the short term. Moreover, we expected the further decreasing of diversity in the course of the previous year. Secondly, we explored how the changes in vegetation structure affect isopod diversity and composition on a regional scale. We analysed the differences between habitats (control shrubs, removal shrubs, and hay meadow) to examine the effect of vegetation structure changes in the short term (removal shrubs) and long term (hay meadow). We hypothesized that the highest isopod diversity will be in control shrubs, while the lowest will be in hay meadows because of defoliation.
Materials and methods

A. Sampling areas and methods
We sampled terrestrial isopods in three localities (Sár Hill Nature Reserve, Gyöngyössolymos, and Fallóskut) in the Mátra Mountains as shown in Fig. 1 . Three sampling sites were selected in all localities, representing control shrubs (no removal), removal shrubs (cut once), and hay meadows (mown once a year), as shown in Table 1 . Double-glass pitfall traps filled with 65% ethylene glycol were established on the sampling sites between 2012 and 2014. Five traps were set at a distance of 4-5 m along a transect on every sampling site. Traps were deployed twice (May-July, September-November) over a six-week period each year. Grassland management was undertaken in those habitats with advanced succession. Shrub removal done manually was the first phase of the treatment process and occurred at the end of 2012, following sampling. Additional treatments during the following year (2013-2014) did not take place, but possibly following stem mashing and finally mowing would be necessary. The hay meadows were mown with a mowing machine in all years, in summer or autumn, depending on the weather conditions. The treatments were carried out in a rotational manner, reserving a small portion of intact (unmown) habitat each year. In order to analyse the effect of annual changes in vegetation, we compared data of different years: in the short term between 2012 and 2013 and in the long term between 2012 and 2014. To assess the effect of changes in vegetation on a regional scale, we considered data of different sampling sites: in the short term: between control shrubs and removal shrubs, in the long term: between control shrubs and hay meadows. 
B. Statistical analyses
We used the PAST Paleontological Statistic suite for data analysis [28] . The characterization of isopod communities was based on relative abundance (Ar) and frequency (F). Besides species richness (S) and the number of individuals (N), we computed Shannon-Wiener diversity (H), Simpson's diversity (1-D), and evenness (E) (Pielou's index). The Shannon-Wiener index is more sensitive to the frequency of rare species [29, 30, 31] . Species with the highest abundance have the greatest influence on the Simpson's index [29, 30, 31] . The Pielou evenness index expresses the evenness of the distribution of the species and is sensitive to the change of rare species [30, 31] . The value of species turnover between habitat types was evaluated with Wilson & Shmida's Beta diversity index (βT). The level of complementarity of habitats within the study area was characterized with Whittaker's β-diversity index (βW) [31] . Whittaker's β-diversity index depicts the relationship between alpha diversity and total number of species. We applied the Jaccard similarity index for pairwise comparison of similarities of habitats based on species composition. The Jaccard similarity index calculates the similarity based on the absence and presence of the species [32] . For better demonstration, community separation was represented with Detrended Correspondence Analysis. The Friedman test was applied to compare the ecological indices using XLSTAT 14.0.7188.5002 version software (https://www.xlstat.com). We used the keys of Hopkin [33] , Schmidt [34] , and Farkas and Vilisics [35] for identification of isopod specimens. Species' names were applied according to Schmalfuss [36] .
Results
We collected a total of 5 isopod species composed of 675 specimens at 9 sampling sites, as shown in Table 2 . We did not find significant differences between the ecological parameters of communities relative to annual changes in vegetation structure, as shown in Table   132 D. Vona-Túri, T. Szmatona-Túri 3. We observed the highest species richness and diversity in the year following shrub removal; thus, changes of vegetation structure caused the increasing of isopod diversity and species richness in the short term. The values of both indices were reduced last year, as shown in Table 4 . On a regional scale, the ecological parameters of communities have differed significantly between habitats, as shown in Table 3 . The lowest species richness and isopod diversity were observed in hay meadows, while we recorded the highest isopod diversity in control shrubs, as shown in Table 5 . A negative correlation was observed between isopod diversity and the number of individuals in the short and long term. We did not find correlations between isopod diversity and number of individuals among the three habitats, as shown in Fig. 2 . Between control shrubs and removal shrubs, the values of Jaccard similarity index is 1. We found the same differences in hay meadows from removal shrubs (0.6) and control shrubs (0.6). The complementarity of isopods was especially low between these habitats. Whittaker's β species diversity was 0.15.
Examining the effect of annual changes in vegetation structure on isopods, we observed a low abundance in all years. In the first year, we found a generalist (T. rathkii) and two forest specialist (T. ratzeburgii, O. planum) species. The sudden change of vegetation structure resulted in the appearance of more generalist species (P. collicola, A. vulgare) in the second year. In the third year, only the T. rathkii tolerated the changed conditions in the long term, and its relative abundance increased continually as shown in Table 2 . Examining the effect of changes in vegetation structure on a regional scale, we have not found significant differences between habitats. The highest number of collected individuals occurred in the control shrubs, where 3 generalist (P. collicola, T. rathkii, A. vulgare) and 2 forest specialist (T. ratzeburgii, O. planum) species were observed. In the removal shrubs, such species were presents, but their number was the lowest compared to control shrubs. In hay meadows, only 3 (P. collicola, T. rathkii, O. planum) species were observed, and the relative high isopod abundance was resulted by the high number of T. rathkii. The most abundant isopod was the cosmopolitan A. vulgare, but it was absent in hay meadows. The abundance of this species was quite high in control shrubs compared to the other two habitats. The abundance of T. rathkii was also high in all habitat types. The relative abundance of T. rathkii was the highest on hay meadows. The relative abundance of the 2 forest specialist species was the highest in removal shrubs as compared to control shrubs, but the relative abundance of generalist species changed adversely. The differentiations of assemblages are represented in the ordinations as shown in Fig. 3 . Figure 3 . Annual (A) and regional (B) separation of isopod assemblages using Detrended Correspondence Analysis (see abbreviations of species in Table 2) Grassland management can be considered as an intermediate disturbance [37] , but it significantly changes the structure and composition of vegetation. It has positive effect on certain groups of arthropods [38, 39, 15, 39] , but some animal taxa are affected negatively. For example, the high mortality of larvae, or pupae, of flower-visiting insects may be caused by mowing [40] . Grassland reconstruction treatments are composed of shrub removal followed by either mowing or grazing or burning [3] . Shrub removal can create changes in the vegetation structure of habitats in the short term, and it is followed by mowing, causing the changes in vegetation composition in the long term [10] . The alteration of habitats contributes to the changes in environmental factors, which affects food utilization, reproductive pattern [41] , and the respiration of isopods. Isopods die in dry air because of the lack of O2, not desiccation [42] .
We hypothesized that annual changes in vegetation structure caused by shrub removal will have negative effects on isopod diversity in the short term and the decreasing of diversity will continue in the long term. Our hypothesis was partly confirmed and partly not. On the one part, our hypothesis was not confirmed in that isopod diversity will decrease in the short term. Isopod species richness was relative to the ecological conditions of their habitats [43] . The created open habitats following shrub removal provided suitable conditions for more homogenizing species that tolerate the arid and warm environments. This is supported by the observed negative correlation between the annual changes in isopod diversity and number of individuals. Our results compare well to Davis and Sutton [44] , where isopods' abundance was higher in semi-natural grasslands than woodlands. This is an unexpected result because isopods preferring decayed fallen litter [20] and shrub removal lead to the decreasing of structuration of habitats and the reducing of underwood. Similarly, according to Hassall [45] , the simplification of habitat structure and less shelter sites affect the mortality of isopods. On the other part, our hypothesis was confirmed because isopod diversity and species richness decreased in the long term. There was no treatment in the second year (2013), and so a succession process started in the removal shrubs. Open habitats have a relatively high temperature; thus, they are characterized by low isopod diversity [46, 47] . At high environmental temperatures and positive photoreaction, isopods may leave their habitats [48] because humidity is a limiting key factor in their distribution [21] . Moreover, defoliation reduces the mass of leaf litter, which is an important food source for isopods [49] . Our results demonstrate well that the annual changes in vegetation structure have positively affected isopod diversity and species richness in the short term but not in the long term. Thermal tolerance of isopods is affected by their genetic constitution, ability of acclimatization, and the ambient humidity [42] .
The examination of isopod diversity on a regional scale showed different results for annual dynamics. Our hypothesis was confirmed, according to which the highest isopod diversity would be in control shrubs and the lowest in hay meadow because of defoliation. Similarly, Moss and Hassal [50] showed that the isopod community was the most diverse if grassland management had not taken place. According to Paoletti and Hassal [17] , isopod diversity decreases because of a combination of direct and indirect effects of management. Comparing the isopod abundance between hay meadows and removal shrubs, there were differences. We found higher isopod abundance in hay meadows formed during the long-term process. Similarly, Ilmarinen and Mikola [10] reported that mowing increased the number of bacterial feeder decomposers. Opposite to this, according to Sankaran and Augustine [51] , defoliation can decrease the abundance and activity of soil decomposers in the long term. In removal shrubs formed during the short-term process, isopod abundance was lower compared to hay meadows. On the contrary, Fu and Cheng [52] showed that in the short term defoliation leads to the increasing of the abundance of soil decomposers because of release of carbon-rich compounds. Our results compare well to Grandchamp et al. [38] , where species of open habitats were dominant on mown meadows.
Conclusion
Consequently, our survey did not find high isopod diversity and species richness in this Nature 2000 area, compared to other habitats, such as highway verges, where we found the highest species richness [53, 54] . In addition to reducing the diversity in the long term, changes in vegetation structure did not alter adequately the composition of isopod communities based on habitat preference. This study demonstrates that grassland managements are important in order to save habitats of several significant arthropod taxa, such as beetles or spiders, but it may not be important for other arthropod groups. Thus, the correct selection of target groups for interventions is worth considering. It is true that isopods are not important arthropods from a nature conservation point of view, but their contribution to ecosystem processes may be significant [55] . Therefore, it is necessary to study the ecology of isopods.
